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INTRODUCTION

Preeclampsia and gestational hypertension are major causes of maternal and fetal 

morbidity as well as mortality worldwide.1;2 In the Netherlands 8.3% of all pregnancies in 

2006 was affected by preeclampsia or gestational hypertension.3 The majority of these 

women were pregnant with their first child. During pregnancy or postpartum, women 

with hypertensive disorders of pregnancy and their babies are at risk of complications 

like elective preterm birth, fetal growth retardation, perinatal death, HELLP syndrome, 

eclampsia, renal insufficiency, cerebral bleeding or maternal mortality.4 Additionally 

women with previous preeclampsia have an elevated risk for cardiovascular disease in 

later life.5;6 Being small for gestational age at birth is associated with future cardiovascular 

and metabolic disorders.7

Hypertensive disorders of pregnancy present a large variation in phenotype and severity 

of disease. These vary from gestational hypertension with moderate hypertension after 

20 weeks of gestation in a previously normotensive woman, to preeclampsia (gestational 

hypertension with proteinuria), hemolysis, elevated liver enzymes, low platelets (HELLP) 

syndrome to eclampsia.8 Generally the disease is more severe if it occurs early in 

pregnancy and if it is combined with physical signs and symptoms that are associated 

with preeclampsia.4 At present preeclampsia is unpredictable in onset and progression. 

The only effective treatment is termination of pregnancy.4 If preeclampsia starts early in 

pregnancy, maternal risks have to be balanced against neonatal risks caused by elective 

preterm birth.

Despite extensive research the pathogenesis of preeclampsia remains unclear. A widely 

accepted hypothesis is that a disturbed placental function early in pregnancy causes a 

systemic inflammatory response characterized by generalized endothelial dysfunction 

leading to the maternal syndrome in the second half of pregnancy.9 Inadequate placentation 

may be the result of vascular, immunological, genetic or environmental factors.

Prevention of preeclampsia is hardly possible. Based on large meta-analyses there is 

evidence that low-dose aspirin reduces the risk by approximately 10%.10;11 This treatment 

is recommended in women with moderate to high risk for preeclampsia.12 In women with 

low baseline calcium intake calcium supplementation reduces the risk of preeclampsia.13 

Trials investigating possible strategies to reduce the incidence of severe preeclampsia and 

gestational hypertension are hampered by the low incidence of the disease. Predictive 

tests identifying high risk women could facilitate such research. Because placentation 
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starts early in pregnancy it seems likely that early interventions will be the most effective. 

Identification of a high risk group early in pregnancy is therefore relevant. Up to now 

there is no early validated predictive test with sufficient accuracy, that is useful in daily 

clinical practice.14

Several risk factors have been identified with respect to preeclampsia. These risk factors 

can be pregnancy specific, like parity or multiple pregnancy, or not pregnancy specific 

and are shared with risk factors of adult cardiovascular disease. Among these are 

maternal physical characteristics like obesity, age and pre-existing vascular diseases like 

hypertension and diabetes.4 Other known risk factors for cardiovascular disease like 

psychosocial stress might also influence the incidence of preeclampsia.15;16 It is assumed 

that psychosocial stress causes excessive sympathetic nervous system activation.17Several 

studies describe a higher sympathetic activity in women with preeclampsia, compared 

to women with an uncomplicated pregnancy.18;19 However, it is not clear if sympathetic 

hyperactivity in preeclampsia is influenced by psychosocial stress.20-22 

Protective or disease modifying interventions that reduce the risk of cardiovascular disease 

might be useful for the prevention of hypertensive disorders in pregnancy. Physical activity 

is one such potential factor, known to prevent non-pregnant cardiovascular disease and 

to reduce its symptoms. Its precise mechanism is unclear. An acceptable hypothesis 

is that it reduces oxidative stress, which in turn influences the immune response and 

improves endothelial function.23-26 These processes are also involved in the development 

of preeclampsia and gestational hypertension.4 Literature regarding physical activity and 

preeclampsia shows conflicting results.27-29 

By studying the maternal cardiovascular system in pregnancy, one understands why factors 

that regulate blood pressure might be predictive of preeclampsia. Already in the very 

beginning of pregnancy, before 12 weeks gestational age, the maternal cardiovascular 

system changes. Cardiac output increases and peripheral vascular resistance decreases. 

Total circulating plasma volume increases by 40% compared with non-pregnant 

controls. Blood pressure decreases until mid-pregnancy and rises again till the end of 

pregnancy.30;31 Women with severe preeclampsia not only have hypertension but also a 

reduced cardiac output, an increased vascular resistance, an increased arterial stiffness 

and a diminished circulating plasma volume.32;33 

Together with proteinuria an increased blood pressure is the obligatory symptom of the 

syndrome preeclampsia. Women predisposed to develop preeclampsia already have an 

increased blood pressure early in pregnancy compared to women who do not develop 

preeclampsia or gestational hypertension, long before clinical symptoms arise. Although 
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they do not meet the criteria for hypertension yet, their blood pressure measured in the 

beginning of pregnancy can be used to predict preeclampsia.34-36 Blood pressure can be 

measured using different methods and devices. In the first half of the eighteenth century 

blood pressure was measured for the first time invasively in a mare by Stephan Hales. Until 

1905 it was not possible to measure blood pressure non-invasively with a simple device 

suitable for daily clinical practice. It was Nicolai Korotkoff who combined the mercury 

manometer developed by Riva-Rocci and a stethoscope to register the occurrence and 

disappearance of vascular sounds on the pressure release in an occluding upper arm 

cuff.37 This method is considered as golden standard for non-invasive blood pressure 

measurements and criteria have been described to standardize the procedure.38 Mercury 

sphygmomanometry is used to diagnose preeclampsia and gestational hypertension.8 

In the Netherlands the use of mercury sphygmomanometers in hospitals is not allowed 

because of mercury toxicity. They are replaced by aneroid sphygmomanometers. 

Nowadays several automated devices can be used to measure blood pressure, based 

on registration of vascular oscillations or vascular sounds during cuff pressure release or 

peripheral vascular pressure. However, many of these devices have not been validated 

for the use in pregnancy.

Sphygmomanometry as described by Korotkoff and oscillometry register vascular 

oscillations during the gradual relaxation of vascular occlusion in the upper arm. The 

appearance and disappearance of vascular sounds determine systolic and diastolic 

blood pressure and the mean arterial pressure is calculated as ((2x DBP) + SBP)/3. 

In oscillometry the mean arterial pressure is estimated primarily by the pressure where 

oscillations are largest. Systolic and diastolic blood pressures are derived from this 

point. Sphygmomanometry registers systolic from one and diastolic blood pressure 

from another heart beat cycle. In oscillometry the envelope of all oscillations during cuff 

pressure release is registered, but the single maximum oscillation denotes mean arterial 

pressure.39 Both techniques are influenced by arm diameter and vascular deformability.

Oscillometry is often used in automated devices suitable for ambulatory blood pressure 

measurement (ABPM). In this way information about out of office blood pressure and 

heart rate can be obtained. A more sophisticated approach is the calculation of the 

Hyperbaric Index (HBI) using ABPM of at least 24 hours. The HBI is the individual amount 

of blood pressure excess during the measurement period above a 90% tolerance limit.40

Non-invasive finger arterial waveform registration enables continuous blood pressure 

registration. One of the advantages of this method is that not only blood pressure 

but also heart rate, cardiac output, total peripheral resistance, arterial stiffness and 

autonomic cardiovascular control can be estimated. It is not clear if there are differences 

in predictive capacity between the different techniques and devices. 
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The outcome of studies using blood pressure for the prediction of hypertensive disorders 

is generally disappointing. Addition of maternal characteristics and other variables like 

arterial stiffness seems to improve the predictive accuracy for preeclampsia.41-43 Of 

these maternal characteristics, the most predictive variable is the outcome of a former 

pregnancy. Nearly half of all pregnant women are nulliparous and 2/3 of all cases of 

preeclampsia occur in nulliparous women. Therefore this parameter cannot be used to 

predict preeclampsia in these women.

AIM OF THIS THESIS

To investigate if differences in cardiovascular parameters can be observed early in 

pregnancy between women, who will develop preeclampsia or gestational hypertension 

later in pregnancy and women with an uncomplicated pregnancy. Moreover, if these 

differences could be used to develop a screening strategy with a focus on nulliparous 

women. Additionally we wanted to establish if modifiable risk factors for cardiovascular 

disease like psychosocial stress and physical activity are also associated with preeclampsia. 

Specifically we wanted to answer the following questions:

l	 Can blood pressure measured in the beginning of pregnancy be used as a screening 

test for preeclampsia?

l	 Is there a difference in predictive capacity between different methods of measuring 

blood pressure?

l	 Is arterial stiffness increased in the beginning of pregnancy in women who will develop 

preeclampsia later in pregnancy and is this associated with the disease?

l	 Is psychosocial stress in the first half of pregnancy associated with later preeclampsia?

l	 Can physical exercise in leisure time in the first half of pregnancy reduce the incidence 

of preeclampsia?

l	 Does the menstrual cycle influence blood pressure and the spontaneous baroreflex 

control of the heart?
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OUTLINE OF THE THESIS

Part 1. Blood pressure measurement as a screening test

A meta-analysis of the value of blood pressure measurements as a screening test for 

preeclampsia is presented (Chapter 2). The two following chapters explore if automated 

blood pressure measurements have a stronger association with later hypertensive 

disorders of pregnancy than conventional sphygmomanometry measurement. In a 

prospective cohort of healthy nulliparous women and women with a previous pregnancy 

complicated by preeclampsia blood pressure is measured in the first trimester with 3 

different techniques; conventional sphygmomanometry, non-invasive continuous finger 

arterial pressure waveform registration and ABPM. In chapter 3 we prospectively evaluate 

the Hyperbaric Index, calculated from a 48 hour ABPM as a possible screening test in 

the first trimester for preeclampsia or gestational hypertension. In addition we compare 

the predictive capacity of the HBI with conventional sphygmomanometry and a 48 hour 

ABPM. In chapter 4 the associations between blood pressure and later preeclampsia or 

gestational hypertension are estimated for the three measurement techniques.

Part 2. Association of preeclampsia with arterial stiffness

Using the same cohort as in chapter 3, arterial stiffness was measured in healthy 

nulliparous women and multiparous former preeclamptic women with continuous finger 

arterial pressure waveform analysis. We analyze if this could enable the selection of 

women at risk for developing preeclampsia later in pregnancy (Chapter 5).

Part 3. Maternal characteristics and their association with preeclampsia

Between January 2003 and March 2004 all pregnant women who received their 

antenatal care by a midwife or gynecologist in Amsterdam were asked to participate 

in the Amsterdam Born Children and their Development Study (ABCD-study). All 

participants filled in a questionnaire on sociodemographic characteristics, medical 

history, psychosocial stress and lifestyle. We explore data of all nulliparous women with 

a singleton pregnancy in this cohort, to assess the association of psychosocial stress 

(chapter 6) or physical activity in leisure time (chapter 7) with preeclampsia. Calculations 

are adjusted for a number of well known risk factors like age, body mass index, smoking 

and pre-existing medical conditions. 
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Part 4. The influence of the menstrual cycle on hemodynamics and 
cardiovascular control

Although differences in hemodynamics and cardiovascular regulation in pregnancy are 

found between uncomplicated pregnancies and pregnancies with hypertensive disorders 

not much is known about measurements before pregnancy and the individual alterations 

in women. The influence of the menstrual cycle on the spontaneous baroreflex control of 

the heart and hemodynamic parameters is investigated (Chapter 8). 
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